Impact of Mass Chemotherapy in Domestic Livestock for Control Zoonotic T. b. rhodesiense Human African Trypanosomiasis in Eastern Uganda by Fyfe, Jenna et al.
  
 
 
 
Edinburgh Research Explorer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Impact of Mass Chemotherapy in Domestic Livestock for Control
Zoonotic T. b. rhodesiense Human African Trypanosomiasis in
Eastern Uganda
Citation for published version:
Fyfe, J, Picozzi, K, Waiswa, C, Bardosh, KL & Welburn, SC 2016, 'Impact of Mass Chemotherapy in
Domestic Livestock for Control Zoonotic T. b. rhodesiense Human African Trypanosomiasis in Eastern
Uganda', Acta Tropica. https://doi.org/10.1016/j.actatropica.2016.08.022
Digital Object Identifier (DOI):
10.1016/j.actatropica.2016.08.022
Link:
Link to publication record in Edinburgh Research Explorer
Document Version:
Publisher's PDF, also known as Version of record
Published In:
Acta Tropica
Publisher Rights Statement:
    Open Access funded by Department for International Development
    Under a Creative Commons license
General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.
Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.
Download date: 11. May. 2020
AI
z
U
J
S
a
C
b
K
c
a
A
R
R
A
A
K
H
T
E
A
Z
S
T
T
A
O
R
T
T
B
U
D
h
0
0ARTICLE IN PRESSG ModelCTROP-4024; No. of Pages 14
Acta Tropica xxx (2016) xxx–xxx
Contents lists available at ScienceDirect
Acta  Tropica
jo ur nal home p age: www.elsev ier .com/ locate /ac ta t ropica
mpact  of  mass  chemotherapy  in  domestic  livestock  for  control  of
oonotic  T.  b.  rhodesiense  human  African  trypanosomiasis  in  Eastern
ganda
enna  Fyfea, Kim  Picozzia, Charles  Waiswab,c, Kevin  Louis  Bardosha,
usan  Christina  Welburna,∗
Edinburgh Infectious Diseases, Division of Infection and Pathway Medicine, Edinburgh Medical School: Biomedical Sciences, The University of Edinburgh,
hancellor’s Building, 49 Little France Crescent, Edinburgh, EH16 4SB, UK
Department of Pharmacy, Clinical and Comparative Medicine, School of Veterinary Medicine and Animal Resources, Makerere University, P.O. Box 7062,
ampala, Uganda
The Coordinating Office for Control of Trypanosomiasis in Uganda (COCTU), P.O. Box 16345, Wandegeya, Plot 76/78 Buganda Road, Kampala, Uganda
 r  t  i  c  l  e  i  n  f  o
rticle history:
eceived 20 November 2015
eceived in revised form 17 August 2016
ccepted 24 August 2016
vailable online xxx
eywords:
uman African trypanosomiasis (HAT)
rypanocide
ndemic
nimal reservoir
oonosis
leeping sickness
. b. rhodesiense HAT (rHAT)
. b. gambiense HAT (gHAT)
nimal African trypanosomiais (AAT)
utbreak
eservoir
. b. rhodesiense
. b. gambiense
urden
ganda
ALYs
a  b  s  t  r  a  c  t
Introduction:  Human  African  trypanosomiasis  (HAT)  comprises  two  fatal  parasitic  diseases.  Uganda  is
home to both  chronic  T.  b.  gambiense  (gHAT)  and  the acute  zoonotic  form  T.  b. rhodesiense  (rHAT)  which
occur  in  two large  but discrete  geographical  foci.  The  area  affected  by  rHAT  has  been  rapidly  expanding
due  to importation  of T. b.  rhodesiense  infected  cattle  into  tsetse  infested  but previously  HAT  free  districts.
Migration  of rHAT  has  resulted  in  a considerable  human  health  burden  in these  newly  affected  districts.
Here,  we  examined  the  impact  of  a single,  district-wide,  mass  chemotherapeutic  livestock  intervention,
on  T. b.  rhodesiense  prevalence  in cattle  and  on  incidence  and  distribution  of human  rHAT  cases  in Kamuli
and  Soroti  districts  in  eastern  Uganda.
Methods:  A  single  mass  intervention  in domestic  cattle  (n = 30,900)  using  trypanocidal  drugs  was  under-
taken  in November  and  December  2002  under  the  EU funded  Farming  in  Tsetse  Controlled  Areas  (FITCA)
programme.  The  intervention  targeted  removal  of the  reservoir  of  infection  i.e. human  infective  T.  b.
rhodesiense  parasites  in cattle,  in  the  absence  of  tsetse  control.  Interventions  were  applied  in  high-risk
sub-counties  of  Kamuli  district  (endemic  for rHAT)  and Soroti  district  (where  rHAT  has  been  recently
introduced).  The  prevalence  of  T.  brucei  s.l.  and  the human  infective  subspecies,  T.  b. rhodesiense  in cattle
(n  =  1833)  was  assessed  before  and  3 and  12  months  after  intervention  using  PCR-based  methods.  A com-
bination  of descriptive  statistical  analysis  and spatial  scan  statistics  were  applied  to  analyse  rHAT  cases
reported  over  a  5-year  period  (January  2000–July  2005).
Results:  A single  intervention  was  highly  effective  at removing  human  infective  T. b.  rhodesiense  parasites
from  the cattle reservoir  and  contributed  to a significant  decrease  in human  rHAT  cases.  Intervention
coverage  was higher  in  Kamuli  (81.1%)  than  in  Soroti  (47.3%)  district  but despite  differences  in  coverage
both  districts  showed  a reduction  in prevalence  of  T.  b.  brucei  s.l.  and  T. b.  rhodesiense.
In  Kamuli,  the prevalence  of T.  brucei  s.l. decreased  by  54%,  from  6.75%  to  3.11%, 3,  months  post-
intervention,  rising  to  4.7%  at 12 months.  The  prevalence  of T.  b. rhodesiense  was  3%  pre-intervention  and
no  T. b. rhodesiense  infections  were  detected  3 and  12,  months  post-treatment.  In Soroti,  the  prevalence
of  T. brucei  s.l.  in cattle  decreased  by  38% (from  21%  to 13%)  3 months  after  intervention  decreasing
to  less  than  10%  at  12  months.  The  prevalence  of T. b. rhodesiense  was  reduced  by 50% at  12-months
post-intervention  (6%–3%).  Most  notably,  was  the impact  of  the  intervention  on  the  population  dynamics
between  T. b. brucei  and  human  infective  T. b.  rhodesiense.  Before  intervention  in  Kamuli  district  56% of  T.Please cite this article in press as: Fyfe, J., et al., Impact of mass chemotherapy in domestic livestock for control of zoonotic T. b. rhodesiense
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016), http://dx.doi.org/10.1016/j.actatropica.2016.08.022
b. brucei  s.l.  circulating  in cattle were T.  b.  rhodesiense;  at both  3 and  12 months  after  intervention  none
of  the  re-infecting  T.  b. brucei  s.l.  were  human  infective,  T. rhodesiense.
For human  rHAT  cases,  there  was  a seven-fold  decrease  in  rHAT  incidence  after  intervention  in  Kamuli
district  (5.54  cases/1,000  head  of  population  2000–2002  to 0.76  cases/1,000,  2003–2005).  Incidence  data
suggests  that  the  intervention  had minimal  impact  on  the number  of  rHAT  cases  in Soroti  overall,  but
showed  a  significant  decrease  in  the seasonal  peak  of  cases  in  the year  following  treatment.
∗ Corresponding author.
E-mail address: sue.welburn@ed.ac.uk (S.C. Welburn).
ttp://dx.doi.org/10.1016/j.actatropica.2016.08.022
001-706X/© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
/).
ARTICLE IN PRESSG ModelACTROP-4024; No. of Pages 14
2 J. Fyfe et al. / Acta Tropica xxx (2016) xxx–xxx
Conclusion:  A  single  intervention,  targeted  at cattle,  introduced  at district  level,  in the  absence  of  tsetse
control,  was  highly  effective  at removing  human  infective  rHAT  parasites  from  the  cattle  reservoir  and
contributed  to  a significant  decrease  in human  rHAT  cases.  The  differential  impacts  observed  between
the two  districts  are related  to both  the  different  stages  of rHAT  endemicity  in  the districts,  and  levels
of  intervention  coverage  achieved  in  the  cattle  population.  Treatment  of  cattle  to  remove  the  reservoir
of rHAT  infection  offers a promising  and  cost  effective  approach  for the  control  of rHAT.  It is  important
that  cattle  are  treated  before  relocation  to  prevent  possible  merger  of the  two  HAT  foci,  which  would
complicate  diagnosis  and  treatment  of both  gHAT  and  rHAT.
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. Introduction
Human African Trypanosomiasis (HAT) or sleeping sickness
s a neglected tropical disease (NTD) transmitted by tsetse flies
Glossina spp.). HAT comprises two distinct diseases caused by two
ub-species of T. brucei s.l. Trypanosoma brucei gambiense and T.
. rhodesiense (Welburn et al., 2001a). T. b. gambiense HAT (gHAT)
s a chronic disease passed between humans by human-tsetse-
uman contact and sustained by vertical transmission (Wastling
t al., 2011; Welburn et al., 2016a). T. b. rhodesiense HAT (rHAT) is
n acute disease with a complex zoonotic epidemiology involving
setse transmission between a range of wildlife, livestock reser-
oirs and humans (Anderson et al., 2011). Both forms of HAT are
atal if untreated with death occurring 6–8 months after infection
ith rHAT and around three years after first indication of gHAT
nfection (Checchi et al., 2008) although patients have been shown
o carry gHAT infections for decades (Fèvre et al., 2005; Welburn
t al., 2016b).
Uganda is unique in having active foci of both forms of HAT
hich have co-existed in Uganda for over a century (Keorner et
l., 1995; Fèvre et al., 2004) in discrete geographical foci; gHAT
n the northwest and rHAT around the shores of Lake Victoria in
outh-eastern and central regions (Welburn et al., 2001a, 2016a).
Following a large outbreak in Tororo district in 1987 (Odiit et al.,
004) rHAT has progressively migrated around the shores of Lake
yoga (Batchelor et al., 2009). Domestic cattle have been shown to
e the major reservoir of T. b. rhodesiense in Uganda (Welburn et al.,
001a,b) and importation of infected cattle from districts in estab-
ished rHAT has caused rHAT outbreaks in previously unaffected
istricts (Fèvre et al., 2001) moving rHAT towards the gHAT focus
Picozzi et al., 2005).
In 1999 rHAT first emerged in Soroti district (Fèvre et al., 2001)
nd was subsequently introduced into Kaberamaido and Dokolo
istricts (Batchelor et al., 2009) and other districts bordering Lake
yoga (Apac and Amolatar) and to the northern district of Lira
Wardrop et al., 2012, 2013). In Soroti, rHAT spread from the point
f introduction, Brooks Corner Cattle market (Fèvre et al., 2001),
hroughout the larger part of the district, the district reporting
ore than 500 cases (Batchelor et al., 2009). Cattle importation was
uelled by a number of major cattle restocking programmes that
imed to improve rural livelihoods (Selby et al., 2013). The rapid
xpansion of the area affected by rHAT towards the gHAT endemic
ocus is a major public health issue in Uganda. When the two  dis-
ase overlap, diagnosis and treatment will be compromised with
 significant impact on human morbidity and mortality (Welburn
nd Coleman, 2015).
Domestic cattle constitute the major reservoir of T. b. rhodesiense
nfection (Welburn et al., 2001a,b) in Uganda and given the pre-
isposition of tsetse flies to feed on cattle, it was  predicted thatPlease cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016),
reatment of 85% of cattle with a single dose of trypanocide (a
eterinary anti-parasitic treatment) would interrupt rHAT trans-
ission to humans in Uganda (Welburn et al., 2006).hed  by  Elsevier  B.V.  This is  an  open  access  article  under  the  CC  BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
In 2000, Farming in Tsetse Controlled Areas (FITCA) a large
European Union funded agricultural development project under-
took a survey of rHAT and African Animal Trypanosomiasis (AAT)
across 12 districts of Uganda (FITCA, 2005). Two  districts, Kamuli
and Soroti, which showed high rHAT incidence were selected for
mass administration of a single dose of trypanocidal drug, aimed
at reducing the prevalence of T. b. rhodesiense infection in domes-
tic cattle. Administration of the trypanocidal treatment impacts on
rHAT and all AAT parasites.
Multiple species and sub-species of trypanosomes circulate in
cattle within HAT foci, including those that impact on animal health
and cause AAT. While T. congolense and T. vivax are pathogenic to
livestock, impacting on both animal health and productivity across
much of Uganda (Okello et al., 2015); T. b. brucei (not infective for
humans) and T. b. rhodesiense cause only mild illness in indigenous
breeds with infection often undetected. T. b. brucei and T. b. rhode-
siense are however, extremely pathogenic to exotic cattle (Wellde
et al., 1989) and prevent upgrading of stock.
Kamuli district, lies within the Busoga HAT focus, and has been
endemic for rHAT since at least the 1980’s (Mbulamberi, 1989). In
2001, Kamuli reported over 100 HAT cases. T. b. rhodesiense HAT
only emerged in Soroti district in December 1998. A single rHAT
case was  previously in Soroti in the 1960s, but the patient was
considered to have been infected elsewhere, while travelling to
Tanzania, passing through rHAT endemic foci (Onyango, 1967). A
survey conducted in Soroti at that time failed to identify any T.
brucei s.l., in humans or animals (Mwambu, 1969).
Here we  make a comparative analysis of the impact of district
level administration of a single dose of trypanocide in Kamuli, an
established endemic rHAT focus and in Soroti, a newly affected
focus, undertaken by FITCA in 2002. We examined the prevalence
of T. brucei s.l. and T. b. rhodesiense in cattle before treatment and at
3 and 12 months after treatment. We  also examined the impact of
the intervention on the relationship between the human and non-
human infective subspecies of T. brucei.  To assess the impact of the
intervention on the incidence of reported human sleeping sickness
cases, we  analysed the number, distribution and incidence of rHAT
cases in the districts between January 2000 and July 2005.
2. Material and methods
2.1. FITCA intervention
Kamuli and Soroti districts lie on the southern and north-
ern shores of Lake Kyoga respectively (Fig. 1a). An estimated
98% of the population of Kamuli and 89% of the population of
Soroti are engaged in subsistence agriculture (Ugandan Bureau
of Statistics, 2002). Within each district, FITCA designated 3 sub-
counties as high-risk for rHAT: Pingire, Kateta and Kyere in Soroti,erapy in domestic livestock for control of zoonotic T. b. rhodesiense
 http://dx.doi.org/10.1016/j.actatropica.2016.08.022
and Bumanya, Kitayunjwa and Namwendwa in Kamuli. High-risk
areas were sub-counties where rHAT had been reported between
1996 and 2001. Medium risk areas showed AAT levels >5% (identi-
fied by microscopy) but no HAT cases. Low-risk areas had levels of
Please cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016),
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Fig. 1. (a) Sub-counties considered at high, medium and low risk for rHAT in Kamuli
and Soroti districts (other FITCA districts pale green). (b) Intervention sites in Soroti
and  Kamuli districts. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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Fig. 2. (a) Prevalence of T. brucei s.l. (yellow) in Kamuli at each time point (Samples
examined: Pre-intervention = 400; 3m = 289; 12m = 319); and (b) T. b. rhodesiense
(red) as percentage of the total T. brucei s.l. identified (number of T. brucei s.l. samples
examined for SRA gene/human infectivity; Pre-intervention = 27; 3m = 9; 12m = 15).
Error bars represent 95% binomial confidence intervals. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version
of  this article.)
AAT of <5% and no human cases. Areas with no evidence of AAT or
where no data was collected were given a no risk status. (Fig. 1a).
Within the high-risk areas, FITCA administered a single dose of
isometamidium chloride (ISMM)  at 0.5 mg/kg or a single dose of
diminazene aceturate (DIM) at 3.5 mg/kg to animals with clinical
signs of AAT. ISMM was  preferentially applied for its prophylactic
properties, the drug remaining active in the animal bloodstream 3
months (Holmes et al., 2004). No tsetse traps were deployed during
the intervention within the study area.
The trypanocidal drug intervention was undertaken in 9 sub-
counties, seven in Soroti and two in Kamuli district. In Soroti, 25
intervention sites were selected across Bugondo, Serere, Pingire,
Kateta, Kyere, Asuret and Atiira sub-counties (Fig. 1b). In Kamuli,erapy in domestic livestock for control of zoonotic T. b. rhodesiense
 http://dx.doi.org/10.1016/j.actatropica.2016.08.022
22 intervention sites were selected; 21 in Namwendwa sub-county
and a single site in Kiatyunjwa sub-county (Fig. 1b). In total 30,900
cattle were treated: 11,900 in Soroti and 19,000 in Kamuli. In the
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Fig. 3. (a) Prevalence of T. brucei s.l. (yellow) in Soroti at each time point (Sam-
ples examined: Pre-intervention = 290; 3m = 256; 12m = 240); and (b) Proportion
of  T. brucei that is human infective T. b. rhodesiense (red) before and after a single
trypanocidal administration in Soroti district as a percentage of the total T. brucei
s.l. identified (T. brucei s.l., examined for SRA gene pre-intervention = 60; 3m = 32;
1
t
w
a
g
a
w
v
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a2m = 21). Error bars represent 95% binomial confidence intervals. (For interpreta-
ion of the references to colour in this figure legend, the reader is referred to the
eb  version of this article.)
bsence of data from a reliable livestock census it was difficult to
auge the proportion of cattle covered in these intervention sites
nd to estimate coverage, farmers were asked when their animals
ere sampled whether their cattle had participated in the inter-
ention.
.2. Cattle sampling
Blood samples were collected at the point of trypanocidal
dministration in November 2002, and at 3 and 12 months after
ntervention. Sample sizes were calculated using a livestock census
ndertaken by FITCA. Farmers presented their animals at a centralPlease cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016),
oint for trypanocidal drug administration and 51–56 animals were
andomly sampled at each site. After intervention, cattle owners
ho presented their animal for sampling were asked whether that
nimal was previously treated under the FITCA intervention. A cat- PRESS
xxx (2016) xxx–xxx
tle de-wormer application was offered to farmers as an incentive for
their participation. One hundred microliters of blood, was drawn
from the ear vein using a sterile lancet, and collected in two 50 l
heparinised capillary tubes and applied directly to an Whatman®
FTA® classic card. FTA® cards were left to dry at room temperature
for 24 h and stored in airtight pouches with desiccant.
In total, 1,803 cattle were sampled; 1,017 from Kamuli and 786
from Soroti (Table 1). Cattle were sampled from 5 high-risk rHAT
villages (3 in Kitayunjwa sub-county in Kamuli and 2 in Pingire sub-
county in Soroti District). The average number of cattle sampled at
each time point was 339 in Kamuli (7.7% of the cattle population of
Kitayunjwa sub-county, estimated at 4,425) and 262 in Soroti (3.5%
of the cattle population in Pingire sub-county, estimated at 7,589).
2.2.1. PCR analysis
The prevalence of T. brucei s.l. (non-human infective T. b. bru-
cei and human infective T. b. rhodesiense) in cattle was  determined
using species and sub-species specifc primers. Samples positive
for T. brucei s.l. were subsequently tested for the presence of the
T. b. rhodesiense SRA gene, conserved within all T. b. rhodesiense
parasites isolated in Uganda (Welburn et al., 2001b) using a multi-
plex PCR reaction (Picozzi et al., 2008), which can discriminate the
two subspecies. Five discs (diameter 3 mm)  were taken from each
Whatman® FTA® card sample and processed as described in Picozzi
et al. (2008). In brief, discs were washed twice with FTA purification
reagent and twice with TE buffer, before being air dried. Washed
discs were used to seed 5 separate PCR reactions per sample. If any
reaction was  positive the sample was deemed positive. PCR reaction
conditions, primer sequences and adapted cycling conditions were
as described in Picozzi et al. (2008). PCR products were visualized
by electrophoresis on a 1.5% agarose gel using GelRed DNA stain
and gels documented with a BioRad GelDockTM imaging system.
Prevalence of T. brucei s.l. and T. b. rhodesiense as detected by PCR
was expressed as a percentage, and exact binomial 95% confidence
intervals were computed (R, version 2.4.0). 2 tests were conducted
in Minitab version 14 (Minitab, Inc.). Differences were considered
to be significant at p < 0.05. Paired t-tests were considered to be
significant at p < 0.05.
2.3. rHAT case data
Statistical analysis and spatial scan statistics were used to anal-
yse rHAT case data for Kamuli and Soroti provided to the FITCA
project, between January 2000–July 2005. HAT diagnoses were
made using WHO  criteria of visual detection of trypanosomes in
blood or cerebrospinal fluid (Acup et al., 2016). Data available
included village, parish and sub-county of residence, admission
date and disease and stage. Data were digitised and stored in Excel.
For Kamuli, rHAT data was  reported from diagnostic facilities in
Bulopa, Nankandulo and Namwendwa. HAT cases from Soroti Dis-
trict were recorded at Serere Hospital, the district diagnostic facility
(Acup et al., 2016).
T. b. rhodesiense HAT (rHAT) incidence was calculated using the
2002 census data for sub-county and parish populations (Ugandan
Bureau of Statistics, 2002). Data were analysed year on year
with comparisons made in the period before administration of
trypanocides (January 2000–December 2002) and after (January
2003–July 2005) drug intervention.
The spatial scan statistic (Kulldorff, 1997) was applied for spa-
tial clustering of HAT and implemented using SaTScan version 5.1.3
Analysis assumed a Bernoulli distribution. Paper based maps of
the study areas were scanned and geo-referenced using imageerapy in domestic livestock for control of zoonotic T. b. rhodesiense
 http://dx.doi.org/10.1016/j.actatropica.2016.08.022
warp version 2.0 for ArcView version 3.1 Geographical Informa-
tion System (GIS) software (ERSI Systems, Redlands, CA, USA).
1:50,000 maps were digitised and geo-referenced for (i) Kamuli;
Balawoli (Y732, 52/3,1-U.S.D. 1963), Kamuli (Y732, 62/1, 3-U.S.D.
ARTICLE IN PRESSG ModelACTROP-4024; No. of Pages 14
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Table  1
Numbers of cattle sampled, pre-intervention and 3 and 12 months post-intervention.
District Village Pre intervention 3 months post-intervention 12 months post-intervention Total (n)
Kamuli Bulagala 120 63 108 291
Buwaiswa 143 126 101 370
Nabigoagerya 146 100 110 356
Soroti  Amuria 146 120 120 386
Okidi 144 136 120 400
Total  699 545 559 1,803
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998), Namwendwa (Y732, 62/2, 3-U.S.D. 1998) and Nawaikoke
Y732, 52/4, 1-U.S.D. 1963) and (ii) Soroti; Bugondo (Y732, 42/4,
-U.S.D.1963), Kelle (Y732, 42/3, 1-U.S.D. 1964), Kumi (Y732, 53/2,
-U.S.D. 1963), Kyere (Y732, 53/1, 1-U.S.D. 1964), Sambwa (Y732,
2/2, edition 1-U.S.D. 1969) and Soroti (Y732, 43/3, 1-U.S.D. 1968).
Village locations and GIS co-ordinates were recorded on the
igital maps. Crush pen co-ordinates for intervention site were
ecorded using hand held Garmin GPSII+ devices. Mann Whitney
 tests (Minitab version 14) were applied to compare median,
onthly HAT cases/year (p value of <0.05 was considered signif-
cant). Villages with single or multiple HAT cases were defined
case villages’, villages that did not report a HAT case during the
tudy period were defined as ‘control villages’. A maximum clus-
er size was set at 50% dataset points and analysis ran to identify
reas of high rates of clustering (Kulldorff and Nagarwalla, 1995;Please cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016),
ulldorff et al., 1998) with 9999 Monte-Carlo iterations. Clusters
ith p-values <0.05 were considered significant.muli district and (b) Soroti districts Red arrows indicate intervention point. (For
e web version of this article.)
3. Results
3.1. Prevalence of T. brucei s.l. and T.b. rhodesiense in cattle
before and after trypanocidal intervention in Kamuli and Soroti
districts
In Kamuli district, the T. brucei s.l. prevalence in cattle (n = 1017)
pre-intervention was  6.75%, over half (56%) of which were human
infective (T. b. rhodesiense). The prevalence of T. b. rhodesiense was
3% before intervention. Three months after drug administration T.
brucei s.l. prevalence reduced to 3.11% and no human infective T.
b. rhodesiense were identified in cattle. Twelve months after inter-
vention the prevalence of T. brucei s.l. remained lower than before
drug administration (4.7%) and no human infective parasites were
detected (Fig. 2a and b).erapy in domestic livestock for control of zoonotic T. b. rhodesiense
 http://dx.doi.org/10.1016/j.actatropica.2016.08.022
In Soroti distict, the T. brucei s.l. prevalence in cattle before inter-
vention was 21%, three times greater than that observed in Kamuli
(Fig. 3). The prevalence of T. b. rhodesiense prior to intervention
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Fig. 5. T. b. rhodesiense HAT (rHAT) affected sub-count
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January 2000–July 2005).Please cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016),
as 6%, twice that observed in Kamuli. However, the proportion of
. brucei s.l. infections that were human infective was lower at 28%.ies in Kamuli district (January 2000–July 2005).
The T. brucei s.l. prevalence was significantly reduced 3 months
post intervention to 13% (p < 0.01) with less than 6% of these being
human infective. The prevalence of T. b. rhodesiense reduced to
0.78%. Twelve-months post-intervention T. brucei s.l. prevalence
was 10%, significantly lower (p < 0.001) than pre-intervention. The
prevalence of T. b. rhodesiense was 3% – half that observed pre-
intervention (Fig. 3a). However, 32% of the T. brucei s.l. were human
infective T. b. rhodesiense (p < 0.01), see Fig. 3b.
3.2. Coverage of trypanocidal drug administration in Kamuli and
Soroti districts
Intervention coverage may  have influenced the impact of theerapy in domestic livestock for control of zoonotic T. b. rhodesiense
 http://dx.doi.org/10.1016/j.actatropica.2016.08.022
mass drug administration on parasite prevalence. Higher number
of farmers in Kamuli reported their animals having been given
the trypanocidal drug (81.1% reported their animals receiving drug
during the 3-month post-intervention sampling and 67.2% in the
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pFig. 7. T. b. rhodesiense HAT case distribution and signifi
2-month post-intervention sampling). Farmers reported lower
overage in Soroti from (47.5% during 3-month post-interventionPlease cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016),
ampling and 47.3% during the 12-month post-intervention sam-
ling).isease clusters (circled) in Kamuli district (2000–2004).
3.3. HAT cases reported in Kamuli and Soroti districts
(2000–2005)erapy in domestic livestock for control of zoonotic T. b. rhodesiense
 http://dx.doi.org/10.1016/j.actatropica.2016.08.022
Between January 2000 and July 2005, 283 rHAT cases reported
in Kamuli (Fig. 4a) and 403 rHAT cases were reported in Soroti
(Fig. 4b).
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Fig. 8. T.b. rhodesiense HAT incidence per 1,000 head of population in Kamuli (a) pre- (Jan
Table 2
Median monthly T. b. rhodesiense HAT cases reported in Kamuli and Soroti districts
2000–2005.
Year Median monthly rHAT cases
Kamuli Soroti
2000 6.5 4.5
2001 9.5 3.5
2002 2.5 6.5
2003 1.5 6.5
2004 0.5 4.0
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site (1.27 cases/1,000 pre-intervention and 1.59 cases/1,000 post-
intervention). Where intervention sites were located; five parishes
showed no change in rHAT incidence, four showed an increase andOverall, the number of cases reported in Kamuli district during
he study period were relatively stable. Elevated cases numbers
ere reported in April, July and October 2001 and from January
000 to mid- 2002 (Fig. 4a). The median monthly number of rHAT
ases each year was used to examine year-on-year change (Table 2).
ost-intervention, Kamuli district reported a declining number
f cases and a significant decrease in rHAT cases, was observed
etween 2001 and 2002 (p = 0.002).
In Soroti district, reported rHAT cases showed seasonal varia-
ion, peaking in February/March, notably in 2002 and 2003 (Fig. 4b).
he median number of monthly rHAT cases was relatively stable
ver the 5-year period (Table 2). Most rHAT cases are reported
t late stage approximately 6-months after infection (Odiit et al.,
004; Acup et al., 2016). Cyclical development of T. brucei infec-
ions in tsetse takes 4–6 weeks, from feeding on an infected host
o being able to transmit that infection back to another mammal
Welburn et al., 1995; Milligan et al., 1995) and so any impact of
attle treatment on human infection would not be visible within the
ase records until March 2003. The peak of rHAT cases observed in
ears 2000, 2002 and 2003 is notably absent in 2004 but returns inPlease cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016),
005 (Fig. 4b).uary 2000–December 2002) and (b) post-intervention (January 2003–July 2005).
3.3.1. rHAT cases within Kamuli sub-counties
From January 2000 to July 2005, 283 rHAT cases were reported
in Kamuli in 11 of 23 sub-counties (Fig. 5). Three sub-counties con-
sistently reported rHAT cases, Namwendwa (all years) and Bugaya
and Kitayunjwa (all but 2005). Namwendwa reported 79% of all
rHAT cases in the Kamuli district; three villages (Kyeeya, Kinu, Nda-
like and Isingo) consistently reported cases between 2000 and 2003
(Fig. 6).
In the nine parishes that hosted an intervention site there was
a decrease in the incidence of reported rHAT cases from 5.54 cases
per 1,000 head of population pre-intervention to 0.76 cases per
1,000 head of population, post intervention. Only Nawansaso parish
showed an increase in rHAT cases post-intervention (Table 3).
A significant primary cluster of rHAT cases, 5.76–8.14 km radius
was observed from 2000 to 2003 in northwest Namwendwa sub-
county. This cluster increased to 13.85 km in 2004, migrating
northwards into southern Bugaya (Figs. 7 and 8).
3.3.2. Spatial distribution of HAT cases pre- and post-intervention
in Soroti district
Between January 2000 to July 2005, 403 rHAT cases were
reported from 77 villages in 6 of 17 sub-counties in the south of
Soroti district (Fig. 9). Asuret, Kateta, Kyere and Pingire reported
cases annually and Serere/Olio reported cases in all years but 2004.
Atiira reported cases in 2001 and 2004. The peak of rHAT cases in
2003 is due to the high number of cases from Pingire and Asuret
(Fig. 10).
There was  no significant difference in rHAT case incidence
before (3.82 cases/1,000 people) and after intervention in Soroti
district (4.50 cases/1000 people). There was no change in rHAT
case incidence across the 14 parishes that hosted an interventionerapy in domestic livestock for control of zoonotic T. b. rhodesiense
 http://dx.doi.org/10.1016/j.actatropica.2016.08.022
five a decrease post-intervention (Table 4).
Please cite this article in press as: Fyfe, J., et al., Impact of mass chemotherapy in domestic livestock for control of zoonotic T. b. rhodesiense
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016), http://dx.doi.org/10.1016/j.actatropica.2016.08.022
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Table  3
Cases of T. b. rhodesienseHAT (rHAT) reported from parishes hosting an intervention site in Kamuli district (pre- and post-intervention). Reported rHAT cases from 9 parishes
containing an intervention site are shown. Relative change is shown as ↓ for a decrease and ↑ for an increase in the number of reported cases.
Sub-county Parish Intervention sites rHAT cases
pre-intervention
(Jan 00 to Dec 02)
rHAT cases post-
intervention (Jan
03-July 05)
Change
Namwendwa Kyeeya 4 44 4 ↓
Ndalike 4 109 5 ↓
Isingo  1 15 4 ↓
Namwendwa 1 6 0 ↓
Kidiki  2 0 0 –
Bulange 3 0 2 ↑
Makoka 2 0 0 –
Bulogo  4 14 0 ↓
Kitayunjwa Nawansaso 1 9 12 ↑
Total  22 197 27 ↓
Fig. 9. Sub-counties in Soroti district affected byT. b. rhodesienseHAT January 2000–July 2005.
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Table 4
Reported T. b. rhodesienseHAT (rHAT) cases in 14 parishes hosting intervention sites in Soroti district. Relative change is shown as ↓ for a decrease and ↑ for an increase in
the  number of reported cases.
Sub-county Parish Intervention sites No. rHAT cases
pre-intervention
(Jan 00 to Dec 02)
No. rHAT cases
post-intervention (Jan
03-July 05)
Change
Bugondo Kangeta 1 0 0 –
Serere Okulonyo 1 0 1 ↑
Osuguro 1 14 13 ↓
Oburin 1 0 2 ↑
Pingire Aaropoo 1 0 0 –
Labori  3 0 0 –
Pingire 4 1 43 ↑
Kadapakol 3 1 1 –
Kateta Kateta 1 51 22 ↓
Ojetenyang 1 4 4 –
Kamusala 3 7 4 ↓
Kyere Kelim 1 9 6 ↓
Kyere  1 8 4 ↓
Asuret Mukura 1 
Atiira Atiira 2 
Total  25 
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iig. 10. T. b. rhodesienseHAT (rHAT) cases in affected sub-counties Soroti district
January 2000–July 2005).
A single primary cluster of rHAT cases 17.52 km radius, across
ateta and Kyere sub-counties was evident in 2000 (Fig. 11). A
ignificant cluster further west between Kateta and Pingire sub-
ounties was observed in 2001 and 2002. In 2003 a secondary
luster was located in this area, with the primary cluster mov-
ng northeast to Asuret sub-county. In 2004 the primary cluster
eturned to Kateta and Kyere sub-counties before migrating west-
ards to the Kateta/Pingire border in 2005. A primary cluster of
ases was centered on the Kateta/Pingire border whilst a sec-
ndary cluster was located to the north-east in either Kyere
pre-intervention) or neighbouring Asuret (post-intervention) sub-
ounties (Fig. 12).
. Discussion
This study reports the first analysis, at district level, of the impact
f mass trypanocidal chemoprophylaxis on cattle on the prevalence
f T. b. rhodesiense parasites in livestock and on the incidence of
HAT. While the impact of the intervention was notably different in
he two districts in this study, a single mass trypanocidal interven-
ion in the absence of vector control, can have a lasting impact on
he burden of T. b. rhodesiense in both cattle and human populations
ith important implications for control of zoonotic rHAT.
In Kamuli district, endemic for rHAT, the interventions showed a
ignificant and lasting impact on the prevalence of human infective
. b. rhodesiense in cattle. Three months after drug administrationPlease cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016),
he prevalence of T. brucei s.l. was 3.11%, half that pre-intervention.
welve-months after intervention the prevalence of T. brucei s.l.
4.7%) remained lower than before drug administration (6.75%),
ndicating long term impact for AAT and HAT in areas, endemic for5 25 ↑
0 0 –
100 124 ↑
rHAT with low tsetse challenge (Mugenyi et al., 2015). Most notably,
was the impact of the intervention on the dynamics between non-
human infective and human infective subspecies of T. brucei s.l.
Before intervention a very high proportion, 56%, of T. b. brucei s.l.
parasites circulating in cattle were identified as human infective
by the presence of the SRA gene (Welburn et al., 2001a,b). A single
mass treatment of domestic cattle with trypanocidal drug resulted
in elimination of T.b. rhodesiense across the intervention area. At
both three and 12 months after treatment no human infective
T.b. rhodesiense parasites were identified. While cattle gradually
became re-infected with T. brucei s.l. the human infective sub-
species, T. b. rhodesiense failed to re-establish within the T. b. brucei
s.l. population − the population structure was  profoundly altered.
This supports there being a fitness cost for trypanosome parasite
being human infective when not in a human host (Milligan et al.,
1995; Coleman and Welburn, 2004; Welburn et al., 1995, 2008),
which suggests that targeting treatments in cattle is ‘pushing’ at an
open door to eliminate T. b. rhodesiense.
Soroti district, which had, at the time of intervention, only
recently experienced its first rHAT outbreak, showed high a preva-
lence of T. b. brucei s.l. in cattle of 21%, three times higher than in
Kamuli. The prevalence of T. b. rhodesiense prior to intervention was
6%, twice that observed in cattle in Kamuli District. One year post-
intervention the prevalence of T. brucei s.l. and T. b. rhodesiense was
half that observed pre-intervention.
Before intervention, 28% of all circulating T. brucei s.l. were
human infective T.b. rhodesiense. There was a significant reduction
in the proportion of T. brucei s.l that were human infective after
only a single chemotherapeutic intervention and three months
after intervention, the proportion of T. brucei s.l. identified as T.
b. rhodesiense was  reduced to 10% or 1:10. After 12 months 32% of
the T. brucei s.l. were again identified as human infective T.b. rhode-
siense. This re-establishment of the relationship in the population
between human infective and non-human infective forms of T. b.
brucei one-year after intervention was  observed despite a reduc-
tion in prevalence of T. brucei s.l. three months post-intervention.
Re-establishment of a 1:3 ratio of T.b. rhodesiense within T. bru-
cei s.l. samples one-year post-intervention was only observed in
Soroti, where a rHAT epidemic was ongoing and may  be a function
of availability of susceptible animals.
The approximate 1:3 ratio of human infective T. b. rhodesienseerapy in domestic livestock for control of zoonotic T. b. rhodesiense
 http://dx.doi.org/10.1016/j.actatropica.2016.08.022
to non-human infective T. b. brucei has been previously reported
in non-human hosts (tsetse, domestic and wild animals) in natural
systems (Coleman and Welburn, 2004). At the start of the epidemic
in Soroti district, 45% of the sampled cattle (n = 200) tested posi-
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rFig. 11. T. b. rhodesiense HAT (rHAT) case distribution in SorotiPlease cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
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ive for T. brucei s.l. and 40% of these were characterised as T. b.
hodesiense (Welburn et al., 2001b).ct and significant rHAT disease clusters (circled) (2000–2005).erapy in domestic livestock for control of zoonotic T. b. rhodesiense
 http://dx.doi.org/10.1016/j.actatropica.2016.08.022
Establishing the extent of the reservoir of human infective T.
b. rhodesiense parasites in cattle not only provides an indicator of
risk to the human population in the affected districts but also per-
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003–July 2005).
its appraisal of the risk of the disease spreading to neighbouring
istricts. The presence of T. b. rhodesiense or elevated prevalence
f T. brucei s.l. in village cattle can be used as a simple indicator of
leeping sickness risk (von Wissmann et al., 2014). The large impact
f chemotherapeutic intervention on the proportion of human
nfective parasites within circulating T. b. brucei in cattle offers an
pportunity to capitalise on the fitness cost of being human infec-
ive when not in a human host for this zoonotic parasite (Coleman
nd Welburn, 2004).
In Kamuli district, a positive relationship was observed between
he impact of the mass treatment in cattle and a decrease in human
HAT cases. The number of rHAT cases reported in Kamuli increased
etween 2000–2001, before trypanocidal mass intervention in cat-
le, and decreased in 2002–2005, after intervention. Clustering
f rHAT cases was observed in Kamuli, Namwendwa sub-county
eported 78% of all rHAT cases with significant case clustering in
wo parishes in the north-east of the sub-county (Keeya and Nda-
ike). Clustering of rHAT cases is not an unusual feature of rHAT
pidemiology (Zoller et al., 2008). In the nine parishes that hosted
ntervention sites in Kamuli, the incidence of reported rHAT cases
ecreased from 5.54 cases per 1,000 head of population in the pre-
ntervention period to 0.76 cases per 1,000 head of population post
ntervention. There was no evidence of seasonal variation for rHAT
ase reporting in Kamuli, indicative of persistent but low tsetse
hallenge.
In Soroti district, the intervention had minimal impact on the
umber of rHAT cases reported, with similar annual incidence of
eported rHAT cases pre- (n = 218) and post-intervention (n = 185).
easonal variation in rHAT case reporting was observed in Soroti
nd there was a significant reduction in the seasonal peak of cases
n Soroti in 2004. An impact on seasonal case peak in 2003 would
ot be expected due to a) late reporting of cases and b) the 4- 6-
eek time delay for T. brucei s.l. maturation of infections in tsetsePlease cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016),
o impact on transmission (Welburn et al., 1995; Milligan et al.,
995). The intervention had negligible impact on the geographical
istribution of cases, with significant clusters of reported disease-intervention (January 2000–December 2002) and (b) post-intervention (January
being similarly located in both pre- and post-intervention periods.
At the local level, parishes hosting intervention sites showed an
increase in incidence of reported cases post-intervention (n = 127)
but the intervention itself may  have promoted awareness of this
new disease in the district. There is substantial under-reporting of
the disease partially due to low knowledge about symptoms and
treatment pathways (Odiit et al., 2005; Acup et al., 2016).
The different epidemiological patterns of case reporting and
impact of the interventions in Soroti and Kamuli may  be a reflection
of the different stages of endemicity of rHAT in these districts. In
Kamuli, rHAT has been endemic for a century (Koerner et al., 1995)
while rHAT was only introduced into Soroti in 1998. In Kamuli, the
large number of cases from a small area, complemented by sporadic
reporting of low numbers of cases from other locations, is indica-
tive of recrudescence (and subsequent decline) of rHAT within the
Busoga endemic focus. The continuous reporting of high/moderate
numbers of rHAT cases across a geographically defined area in
Soroti, showing a high degree of motility in the focus of clustered
cases, consistent with an ongoing unstable epidemic.
Another important observation related to the observed impact is
the level of intervention coverage. There are three reasons why cov-
erage may  have been higher in Kamuli. Firstly, the intervention in
Kamuli focussed on a single sub-county (Namwendwa) rather than
across seven as in Soroti, which would have allowed for increased
community sensitisation. Secondly, the DVO and intervention team
in Kamuli district were highly experienced in implementing com-
munity livestock interventions, that likely influenced community
perceptions and confidence. Lastly, Soroti district was a late addi-
tion to the wider FITCA development programme, due to the
unexpected introduction of rHAT into the district and had not bene-
fited from early engagement (surveys for AAT prevalence and cattle
census). Greater intervention success in Kamuli may have also been
due to high intervention coverage, of 81% of cattle in Namwendwaerapy in domestic livestock for control of zoonotic T. b. rhodesiense
 http://dx.doi.org/10.1016/j.actatropica.2016.08.022
sub-county. Concentration of effort in a single sub-county may  have
been advantageous for sensitisation of the population and opera-
tional efficiency. In Soroti, the percentage of the cattle population
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reated was low – approximately 40% – substantially below the
6% target articulated by the mathematical model in Coleman and
elburn (2004).
The results show that a single mass trypanocidal intervention
argeted solely at the principal reservoir of T. b. rhodesiense infection
n the absence of tsetse control operations can impact on the burden
n T.b. rhodesiense rHAT. Evidence from Kamuli shows that a sin-
le trypanocidal intervention, applied at scale in an endemic focus
an eliminate T. b. rhodesiense from the T. b. brucei s.l. population of
irculating parasites. These gains can be consolidated by addition-
lly implementing preventative measures to stop re-infection from
xposure to infected tsetse in the wider environment. The applica-
ion of trypanocides to remove infection of rHAT and AAT parasites,
ombined with application of veterinary insecticides to prevent
e-infection (Kajunguri et al., 2014; Muhanguzi et al., 2014a) offer
n economical control option, with additional benefits for control
f tick-borne diseases and AAT (Shaw et al., 2013; Welburn and
oleman, 2015; Muhanguzi et al., 2014b, 2015; Okello et al., 2015).
There is an urgent need to prevent rHAT spreading further
owards the gHAT focus. If the foci for rHAT and gHAT merge,
iagnosis and treatment protocols will be compromised incurring
arge public health costs (Welburn and Coleman, 2015). Preventing
verlap of gHAT and rHAT will require removal of the reservoir of
nfection in domestic cattle in Uganda. It is essential to reinforce
olicy to ensure that animals sold at livestock markets with intent
o be moved to a new district, are indeed, given an application of try-
anocidal drug to remove the risk of introduction of T. b. rhodesiense
o new areas (Wendo, 2002; Okello and Welburn, 2014).
The Stamp out Sleeping Sickness (SOS) campaign attempted to
cale the FITCA approach (http://www.stampoutsleepingsickness.
om/) implementing mass cattle treatments (∼500,000 cattle
reated) in seven districts, north of Lake Kyoga (including Soroti
istrict) between 2006 and 2010. Again, a single trypanocidal drug
ntervention was implemented, but the SOS intervention included
he addition of a pyrethroid based spray application to prevent
e-infection and build sustainability. Private veterinarians were
stablished to sell and promote pyrethroid-based insecticides for
pplication to cattle for tsetse control turning livestock into ‘live
aits’ to kill tsetse (Torr et al., 2007; Kajunguri et al., 2014; Bardosh
t al., 2013). SOS halted the northwards spread of rHAT cases and
educed the prevalence of all trypanosomes in cattle by 75% across
even districts. Overall, there was a significant decrease in T. bru-
eis.l. prevalence in cattle by 67.1%. The prevalence of zoonotic T. b.
hodesiense was reduced by 85.7%; from 0.75% to 0.11% with only a
ingle round of mass treatment and two applications of pyrthroid
nsecticide (Welburn and Coleman, 2015).
The WHO  aims to eliminate sleeping sickness in Africa by 2030
Simarro et al., 2015). With the threat of overlap between T. b. rhode-
iense and T. b. gambiense foci remaining in Uganda, there are plans
o implement intensive mass cattle interventions (trypanocides
nd pyrethroid-based insecticides) to 2.7 million animals in at-
isk districts of Uganda. The major hurdle as with all neglected
oonotic diseases is financing, scale-up demands significant up-
ront investment and long term implementation. An innovative
unding mechanism has been proposed to support this large-scale,
ong-term approach to rHAT control in Uganda – a Development
mpact Bond (DIB). Development Impact Bonds (DIB), use “private
nvestment to provide upfront risk capital for development pro-
rammes, only calling on donor funding to repay capital, plus a
otential return, once clearly defined and measured development
utcomes are achieved” (Centre for International Development and
ocial Finance, 2013). This approach that can harness the appetitePlease cite this article in press as: Fyfe, J., et al., Impact of mass chemoth
human African trypanosomiasis in Eastern Uganda. Acta Trop. (2016),
f private sector investors for creating social impact as well as
eliver financial returns based on performance, bring greater rigour
o delivery of international development and global health inter- PRESS
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ventions – investors will only back strategies that have evidence of
success (Welburn et al., 2016b).
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